Seed mass, dispersal syndromes and other plant attributes were investigated for 111 species native to north-eastern Mexico. We investigated whether seeds from Mexico conformed to patterns of seed size and dispersal syndrome spectra found for floras in arid environments from around the world. The distribution of seed mass in the Mexican flora (0)03-598 mg) was generally similar to that found elsewhere. All of the major seed dispersal syndromes previously found in arid environments were represented in Mexico, although vertebrate dispersal (33 species) was unusually common. There were 31 species having wind-dispersed seeds, four ant-dispersed and 43 with no obvious dispersal morphology. Woody species were more likely to have large seeds and herbaceous species were more likely to have small seeds. Woody plants had proportionally more wind-dispersed and less animal-dispersed species than did herbaceous plants. We did not find the expected relationship between time of seed set of vertebrate-dispersed species and the presence of migratory birds or between time of seed set and optimum germination time.
Introduction
Plants produce seeds (i.e. the sexual reproductive unit, be it seeds, fruits or fruits with accessories) in a broad range of shapes and sizes (Harper et al., 1970) . Within any given habitat, seed size usually varies over five or six orders of magnitude (Baker, 1972; Foster & Janson, 1985; Mazer, 1989; Jurado et al., 1991; Westoby et al., 1992; Leishman et al., 2000) . Seeds also display a wide range of dispersal structures, including fleshy fruits, lipid-rich elaiosomes, and elaborate wings or plumes. This wide variation in seed morphology is ecologically significant in many ways.
Seedlings from larger seeds have been shown experimentally to have greater tolerance of a variety of stresses, including clipping (Armstrong & Westoby, 1993) , deep shade (Saverimuttu & Westoby, 1996) and nutrient deprivation . Seedlings from large-seeded species also have a competitive advantage over seedlings from small-seeded species (Turnbull et al., 1999; Leishman et al., 2000) . However, the apparent advantages of producing large seeds are balanced by the seed size/number tradeoff. That is, a plant with a given amount of resources available for reproduction can produce many small seeds, or fewer larger seeds (Smith & Fretwell, 1974; Haig & Westoby, 1990; Jakobsson & Eriksson, 2000) .
Seed size is correlated with many other important plant traits, including relative growth rate, growth form, height and dispersal syndrome. Large-seeded species generally have lower relative growth rates than do small-seeded species (Maran oH n & Grubb, 1993; . This is important in situations where speed of establishment is critical, such as recently disturbed sites. Woody and taller species tend to produce larger seeds (Salisbury, 1942; Baker, 1972; Foster & Janson, 1985; Michaels et al., 1988; Mazer, 1989; Jurado et al., 1991; Hammond & Brown, 1995; Leishman et al., 1995; Lord et al., 1995; Metcalfe & Grubb, 1995) . Small-seeded species are more likely to have unassisted seed dispersal, and larger seeded species are more likely to be animal dispersed (Jurado et al., 1991; Hughes et al., 1994; Leishman et al., 1995) .
Seed dispersal is the means by which plants find new sites for establishing seedlings, it is expected that dispersal should be directed to safe sites where seeds are more likely to establish a seedling (Harper, 1977) . For some arid environments, it has been proposed that safe sites are so rare that it is more efficient to avoid dispersal and use the mother's site when it becomes available (Ellner & Schmida, 1981) . Selection of dispersal syndromes is likely to differ according to environments (Oakwood et al., 1993) . For instance elaiosomes (food bodies that are found to be associated with ant dispersal) are very common in ant rich ecosystems (Hughes et al., 1994) . The presence of adhesive diaspores is more common where chances of mammals moving the seeds are high (e.g. grasslands) (Jurado et al., 1991; Morton & Baynes, 1985) . Fleshy fruits are common where birds and arboreal mammals are numerous such as in rainforests (Foster & Janson, 1985) . Wind adapted diaspores are expected to be more frequent in environments where wind is an important factor (Jurado et al., 1997; Gentry, 1982) such as arid open environments like the Indian desert where wind-dispersal is the most common syndrome (Bansal & Sen, 1981) .
Seed dispersal syndromes have been found to be associated with other plant traits such as seed size, for instance very heavy seeds have been arguably associated as a means to prevent dispersal in some arid environments (Ellner & Schmida, 1981) . Very small seeds are expected to be associated with wind dispersal by virtue of their size ((0)1 mg), and hence have no additional structures to enhance wind dispersal . Adhesive diaspores are expected to be light (Sorensen, 1986) , so that they are not immediately noticed and discarded by dispersal agents at a very short dispersal distance.
No previous studies have quantified seed attributes for large numbers of species from Mexico. In this paper, we investigated whether seed biology of Tamaulipan thornscrub (matorral) conforms to the patterns of seed size and dispersal syndromes spectra found for other floras around the world. We also used our data to answer questions regarding seed mass, climate and plant life form, and investigated potential relationships between dispersal and season of seed production, dispersal and seed mass and plant life form.
Methods
This study was conducted in Tamaulipan thornscrub near Linares, Nuevo Leon, Mexico (24347N; 99332W; 360 m a.s.l.). Linares has a mean annual rainfall of 810)6 mm, which falls mainly in late spring and early autumn (Cavazos & Molina, Figure 1 . Frequency distribution of seed mass of seeds from California ( ) (Baker, 1972) , Central Australia ( ) ( Jurado et al., 1991) and Linares ( ). There was a log-normal distribution of seed mass in the flora of Linares similar to that previously observed in other floras (Leishman et al., 2000) . However there were no very small or very large seeded species in Linares. The mode for Linares coincides with the mode for central Australia and these in turn are two categories heavier than the California mode. 1992). Mean annual temperature is 22)43C, with 41)13C and !2)33C being the mean maximum and mean minimum daily temperatures (Cavazos & Molina, 1992) . The highest temperatures and the lowest precipitation both occur in July and August (Cavazos & Hastenrath, 1990) .
Tamaulipan thornscrub includes up to 60 shrub and tree species with an average height of 4 m, half of which are thorny (Reid et al., 1990; Jurado et al., 1998) . Thornscrub is native to Linares, but is thought to have increased in extent due to fire suppression and grazing practices in the past centuries (Archer, 1995; Brown & Archer, 1999) .
Data on seed mass, dispersal syndrome, and plant attributes were gathered for 111 species (as many species as we could find seeds for). At least 50 seeds were collected from more than 20 mature plants for each species. Seed mass was measured for at least 20 individual seeds per species. Seed coat (but not dispersal structures) was included in seed mass following Jurado et al. (1991) and Westoby (1998) . Seeds were dried at 803C until constant weight. Dispersal syndromes were determined with evidence of structures in the diaspores, such as flesh, elaiosomes, or wings (following Jurado et al., 1991) . Chi-square analyses were run for evidence of association between some seed traits and other plant attributes. Date of seed production was determined using dates of seed collection and included in season categories. For contingency tables seed mass was categorized into small ((1 mg), medium (1-9)9 mg) and large ('9)9 mg).
Results and discussion

Seed mass
Seed weight ranged from 0)03 mg (Nicotiana glauca) to 598 mg (Ebenopsis ebano) (Appendix 1). The range of seed sizes was not as great in Linares as in other floras, as no extremely large or extremely small-seeded species were present (Fig. 1) . Species from the Tamaulipan thornscrub showed a log-normal distribution of seed mass, similar to that previously found in many other environments from around the world (Leishman et al., 2000;  Fig. 1 ). Compared to other floras in arid environments the mode seed mass Figure 2 . Life form and seed weight. Woody species (17) had more species with heavier seeds ( ) and fewer with medium ( ) and small seeds ( ) than expected. Whereas herbaceous species (58) had more medium and small-seeded species and less large seeded species than expected. While there was an insufficient number of creepers (13) to test for significance their trend is interesting in that they behave in the same way as woody species (Chi-square"29)5, df."4, p(0)0001). Three cells had expected values less than five, however Chi square test was still significant when the creepers were excluded (Chi-square"17)45, df."2, p"0)0002).
for species from Linares (6)580 mg) coincided with the mode for central Australian species (Jurado et al., 1991) , but was one order of magnitude heavier than the mode seed mass for Californian species (0)568 mg; Baker, 1972) .
There was a relationship between plant growth form and seed mass (Fig. 2) . Plants with a woody growth form were more likely to have large seeds and less likely to have small seeds than would be expected by chance. This was consistent with evidence from previous studies (Salisbury, 1942; Baker, 1972; Foster & Janson, 1985; Mazer, 1989; Jurado et al., 1991; Hammond & Brown, 1995; Leishman et al., 1995; Metcalfe & Grubb, 1995) . Conversely, plants with a herbaceous growth form were more likely to have medium or small seeds and less likely to have large seeds than would be expected by chance. While there was an insufficient number of creepers to test for significance, they appeared to follow a similar pattern to woody species (Fig. 2) . The low number of large-seeded herbaceous species may be underlain by the correlation between twig cross-sectional area and fruit size (Corner, 1949; Ackerly & Donoghue, 1998) .
Seed mass was associated with dispersal syndromes (Fig. 3) . Small-seeded species were over represented in the wind-dispersed category and under represented in the unassisted and animal-dispersed categories. Species with medium sized seeds were represented in all dispersal classes in an apparently random pattern. Large-seeded species were over-represented in the animal-dispersed category and under-represented in the wind-dispersed category. Species with vertebrate dispersal had larger seeds (Appendix 1).
These general trends are similar to those found elsewhere, including arid Australia (Jurado et al., 1991) , dry sclerophyl forest (Hughes et al., 1994) , arid, semi-arid and maritime Australian Floras (Oakwood et al., 1993) and five temperate habitats around the world . Perhaps the cost of producing a reward for animal dispersal is high enough that it is only cost effective above a certain seed mass, when seedlings have higher chances of seedling establishment. Alternatively many 'dispersers' might easily consume a very small seed, as a hard seed coat could also be too costly for a small seed. Another potential explanation for this is that very small seeds get transported in the wind by virtue of having a high surface area to weight ratio, and an additional structure to augment wind resistance would be a cost-effective means for dispersal . ( Jurado et al., 1991) . A tendency of vertebrate ( ) dispersal syndromes to be more common in moister environments became apparent in that a higher percentage of vertebrate dispersed species was found for Linares with lower percentages found in C. Australia and the Israeli (Negev) desert (Ellner & Schmida, 1981) . Dispersal avoiders ( ) were not found for Linares or Australia, while unassisted species ( ) were common in all environments.
Dispersal syndromes
Dispersal syndromes are presented in Appendix 1. A large group of species (37) was apparently adapted for animal dispersal. There were 31 species with diaspores that were apparently adapted for wind dispersal. Forty-three species had seeds with no obvious dispersal morphology, including six species with explosive dehiscence. Of the 37 species classed as having animal-dispersed seeds, 33 were apparently adapted for dispersal by vertebrates (of these, two species had adhesive seeds) and four for dispersal by ants.
Linares had a smaller percentage of ant, adhesive and wind dispersed species than Central Australia (Fig. 4) . The fact that Linares had a higher proportion of vertebratedispersed seeds than Central Australia or the Negev desert in Israel (Fig. 5 ) could be due Figure 5 . Life form and dispersal syndrome. Life form was associated with seed dispersal syndrome in that herbaceous species (58) were more animal-dispersed ( ) and less winddispersed ( ) than expected by chance. Woody species (40) in turn were more wind-dispersed and less animal-dispersed than expected. While there were too few creepers (13) for a significant test it is interesting that they behaved more like herbaceous than like woody species (Chisquare"16)74, d.f."4, p"0)0022, two cells had expected values less than 5)0). However when excluding the creepers Chi-square was still significant: Chi-square"14)77, df."2, p"0)0006). Unassisted species ( ).
to the greater availability of moisture in Linares. Water limitations could make fleshy fruits expensive in dry environments. No species were considered to 'avoid' dispersal (i.e. by being produced under the soil surface) for Linares in sharp contrast with the number reported for the Negev (Ellner & Schmida, 1981) . The percentage of species with unassisted seed dispersal in Linares was similar to that in the Central Australian Flora (Jurado et al., 1991) and much lower than in the Negev Flora in Israel. The only two species with adhesive diaspores found here comply with Sorensen's (1986) prediction of adhesive diaspores not being too heavy as both species had seeds in the small or medium-sized categories.
There was a relationship between life form and dispersal syndrome (Fig. 5) . Herbaceous species were more likely to be animal-dispersed and less likely to be wind dispersed than would be expected by chance. This is in contrast with findings for wind dispersal syndrome to be common for herbaceous species in more open environments (Grime et al., 1977) . Woody species in turn were more likely to be wind-dispersed and less likely to be animal-dispersed than would be expected by chance. Perhaps this is a result of woody species being more exposed to wind, and the lack of arboreal mammals in the region. While there were too few creepers for a significant test it is interesting that in terms of dispersal they behaved more like herbaceous than like woody species.
Dispersal syndrome was unrelated to season of seed collection (Fig. 6) . One might have expected animal dispersed species to be produced in autumn to coincide with the presence of migratory birds (Gonzalez-Rojas, 1999) . Alternatively, one might have predicted a relationship between the time of seed production and the optimal time for seedling emergence -in this case spring and autumn . The lack of association suggests that there are factors other than potential dispersal by migratory birds and safe time for germination selecting for season of seed production. As seeds generally drop from the mother plant shortly after maturation, these factors might include dispersal by local birds and pollination timing (Eriksson & Ehrlen, 1998) and perhaps available resource allocation.
In conclusion, the distribution of seed masses and range of dispersal syndromes found in the Tamaulipan thornscrub flora were generally similar to those previously found in arid ecosystems elsewhere in the world. Relationships between seed mass, growth form, and dispersal mode were also similar in this flora to those elsewhere. For instance: large seeds tended to be associated with a woody growth form; small-seeds were more likely to be wind-dispersed, and large-seeds were more frequently associated with animal dispersal; herbaceous species were more likely to be vertebrate dispersed and woody species were more likely to be animal dispersed. The similarities in these broad-scale relationships suggest that some other extrapolations from studies of similar ecosystems elsewhere in the world may be applied to this little-known flora. However, there are some important factors which distinguish the flora of Linares from other arid floras, including differences in the suite of seed dispersal agents (vertebrates were relatively more important as seed-dispersers in Linares than arid environments in Australia or Israel).
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